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The pyrolysis of nitrobenzene in the temperature range 400-600 °C was studied in a continuous-flow apparatus

" “consisting of pyrolyzer, gas chromatograph, and mass spectrometer. Several of the observed products (benzene, bi-

phenyl, naphthalene} could arise from phenyl radical, but, in contrast to earlier suggestions, there is ne evidence

supporting a primary fission to phenyl radical and nitrogen dioxide. Pyrolysis of nitrosohenzene yields products

similar to those from nitrobenzene, and a two-step mechanism, nitrobenzene — nitroscbenzene — phenyl, is pro-

posed. Although the details of the mechanism are not conclusively proven, there is considerable evidence for a het-
erogeneous mechanism and none supporting a homogeneous mechanism.

Recent experience in this laboratory! and others? has an aryl nitrite leads to compounds which should readily un-
shown that nitric oxide is a prominent product of the pyrolysis dergo homolytic fission to nitric oxide plus aryloxy radicals.
of aromatic nitro compounds, and that nitrogen dioxide isnot Photochemnical nitro-nitrite rearrangements are known,? and
produced in detectable quantities. This is not necessarily a the analogous rearrangement of the positive ion occurs in the
surprising result inasmuch as the possible rearrangement to mass spectrum of nitrobenzene.* Even though there is little




.sho_u!d be. less_favorable, a lower limit to D(PhNQ) of 63 +
3 kcal may be estimated from the heats of formation of phenyl

e pound

- “does not, therefore, favor primary C-N fission over, other
. p0531b111t1es for the formation of pheny} radlca} '

Experxmental Sectlon

_ Nitrogen dlox;de was purchased from Matheson, anid sub]ected to_: L
seéveral freeze-thaw cycles at —78 °C before use. Nitrobenzene and. ..
: nitrosobenzene {reagent grade) wére purchased from Eastmsn, and &

i used as. received. Samples to be pyrolyzed were injected into.a

. Fisher-Victoreen pyrolyzer, dhd passed directly ixito a gas chroma-.
. tograph and thence into the ion source of a Bendix MA-2 tImB of- :

flight mass spectrometer.

-/~ In the Fisher-Victoreen instrument the pyroiy51s chamber is a
“.+ gtraight stainless steel tube of 0.6 em i.d. and length 10 em; the'tube’ =

s rapidly (<1 s) raised from room temperature to a preselected py-

SN ._ ‘rolysis temperature by resistive heating and held there for a prese- .
. lected time. In our experiments that hold time always exceeded the .-
.3 reactor residence time (~20 s). Samples were either directly injected

" through a rubber septum, or else introduced via small stainless steel
 boats inserted into the reactor. All connecting tubing was maintained

.70 at a temperature {100 °C) insufficient for pyrolysis, as shown by blank -
. .runs. The GC coluthn was stainless steel, 6 f£ X (.125 in., 10% SE-30

:"on Chromosorb W, or in some experiments, a durnmy co!umn (i0ft
e X125 0, stamless steel tubing, no packing). Helium carrier gas was
: used at a flow rate of 10 mi/min. -

"1 of NOy ‘produced in pyrolyses. Monitoring of the mass spectral in-

B quantities of NOs; COy; which is produced in the pyrolyses and/or

: of pire COs, the ratio T/l 4 should be.closeto 4 X 10757

. . The tess spectrometer was. therefore arranged for sxmultaneous ;
" monitoring of the intensities at m/e 44 dnd 46, and any increase of the .
ratio B = I/l 1 from the value cbtained from'a sampie of pure CO2

" was taken as evidence of the presence of NOy. Several calibration runs

.+ |- with pure CO; were made before each nitrobenzene pyralysis in order - -
" toestablish the relatwe mstrumental response factors for the two

' 146/144—37><10 3, ..
Results i

" pressure.were m_]ecbed into the pyrolyzer, which in these ex-

periments was held at room temperature. The results were -

uniform and unambiguous: NOs is completely consumed, and
large quantities of NO appear during the ca. 1.5-min journey
" through the SE-30 column at 100 °C. Conversely, when the

i ‘gther: eleriienrt of apparatus or procedure was changed large
_'3 - amounts of NO, survived, Little, if any, NO" was formed under
" 'these conditions: the peak heights at m/e 46 and 30 were in

dlcais 23 7 kcal/mol 5 By comparison; the homolytic fis-
- sion 'of an aromatic nitro compound to an aryl radical and NO»-

'+ tadical:§ NOs; and nitrobenzene.” Thus, if the nitro-nitrite -
“tearrangement is: not a rapid one, the production of NQs -
““should compete favorably with the production of NO in the : -
% pyrolysis of nitrobenzene, and by extension, of other aromatic” -
/- nitro compounds as well. If on the other hand the thermal -
o s nitro-nitrite rearrangement is a facile one, little, if any, N02 Lo
7 would be expected in the pyroly31s of an aromatlc hitro com- j' However since these resilts were obtained from rather small
:'peak helghts, ‘the results should not be taken to prove the
Severai recent lzmbhc":ltlons289 concern’ the pyrolysm of © " presenice ‘of N20.) Similar determinations with the same
o 'nltrobenzene in a packed-tube reactor at 600 °C. The: products B
=of. pyrolyms under these conditions were. explamed on the basis. .
* of primary fission of the C-N bond, yielding phenyi radical . "
. and nitrogen dioxide. However, as in our experience, no NOy. -
“was observed in the reactor effluent. The available ev1dence S
ke 'hcterogeneous reduction of NOs, e.g., C + NOs — CO + NO.
- Accordingly the surface was treated with pure oxygen flowing
" “at ¢a. 60 ml/min through the pyrolyzer, held at 600 °C. This
" treatment was continued for 0.5 h, and produced a marked
-gffect-on' NO; survival,

<1700, showmg that NQs survives.

'ZdepOSlts from previous pyrolyses of organic samples remained

- oxygenated pyrolyzer at 400 °C, values of R were obtained
- which were greater by 34 orders of magnitude than the values

- varied, probably owing to varying amounts of CQOs in the NOg
*savaple 10 and/or variablé surface effects. On the two different
" days this experiment was carried out, average values of 2.5 and. -
2.0 were obtained. Control expériments with the pyrolyzer at -

L room temperature yzelded values of 4.3 and 7.3 on two dif-"
* ferent days. Apparently some NO; is destroyed at higher

" temperatures, but for the most part it survives. Similar ex-

" T'He quantity to be defermined i inmost expenments was the amount'

: tensity.at m/e 46 is not an' adequate test for the presence of trace  “nifrobenzene were m}ected mto the pyrolyzer at 400 °C two

o distinct results were obtained, dependin thy
present as impurity or background, also has 4 peak (isotopic) at mfe - oL r b g on the temperature

. 48 The natural abundance of 1%0 is such that, in the mass spectrum' _ - of the dummy column.Tf the column was at 125 °C, all mate--

* abott 0.7. If the dumiiy column temperature was 50 °C, some
_pyrolyzed nitrobenzene. Any NO, present would be eluted:’

" 0.002-0.004. That is, no NO, was observed. .

L s but is converted to NO via a nitrous acid mechanism:
Loss of N02 in the Column and Pyrolyzer. Prehmmary _ :
. runs were made to determine whethier NOs, if produced in: "
pyrolyses, would survive the journey to the mass spectrometer -~
ion source. Several 10-ul samples of NOQ/N204 at atmospheric - ¢

" by the 400 *C pyrolysis.of a mixture of NOs. (4 X 107 71_110

packed column was replaced with: the dummy column and no

: Hénd,"Merritt, -and DiPietro

proportion appropriate to the mass spectrum of puré NOs, but
the reliability of this type of measurement is such that up to
perhaps 10% of the original NOj could have been converted
to NO. In any ease, it is clear that NO, survives the dummy
column but not the packed eolumn, . _
The possibility that NOs is consumed in the pyrolyzer itself -

was also checked, by the introduction of several 10-ul samples
of NO; into the pyrolyzerat 400 °C; the dummy column was

“used for these runs. The résults of five determinations were
- 0.002 < R0, 0{)4 showing clearly that NO. is entirely con-
“sumed. (That R is iri fact less than that expected for CO; may

be due to the presence of some N3O, for which R = 0.002.
semple and the pyrolyzer at room temperature gave 500 <R

“These’ observatlons could:-be explalhed 1f carbonaceous

ity thee pyrolyzer and thus provided an efficient surface for the

“When several 10-pl samples of NOg were mjected into the

obtamed with the unoxygenated pyrolyzer. The R values

periments with the pyrolyzer at 500 °C yielded lesser values
of B (~1.0} showmg iricreasing:NOs destruction as the pyro-
lyzer temperature is raised. Subsequent NO; determinations
were therefore done oniy at 400.°C; a temperatu.re sufficiently.
great for’ pyroiysm hut not so h:gh as to cause complete de-

* " struction of NOy.

Pyrolysis of N ltrobenzene. When {) 1 ul sampfes of neat

rial was eluted in s single peak, which showed a 46/44 ratio of

separation took place and three peaks were eluted. These are-. -
(1), COy, NO, and benzene; (2), nitrosobenzene; and (3), un-

with the COs/NO/CgHg fraction. The value of R obtained for.-
this fraction in four separate determinations was in the range”

. Tt has been suggested® that NO, is produced in pyrolyses

NOg +RH—=HNQO;+ R
2HN02 — Hgo + N02 + NO

where the H: atom donor i in the first step is pnmarﬁy mtr
benzene itself. In the present work this possibility was ch

nitrobenzene (10% mol}, under conditions such that th
and nitrobenzene fractions were well separated by the d




Benizens
.Nltrosobenzene
Aniline
Nitrobenzene
Naphthalene . ;
Biphenyl + phenyl ether“ S
Dibenzofuran :

¢ Not separated under these chromatograph: condlt ns:
in parentheses are the results of a repeated deter ; mat 0

that much of the N02 survwed in spxte of the 95:fold ex o

of nitrobenizene. Thus the above mechanism cannot explam'-{'

the absence of NOj in puré nitrobenzene pyrolyses..

Products of Nitrobenzene Pyrolysis. Several pyrolyses.!__
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of 0.1 ul of nitrobenzene were carried out with the SE-30 col- o ‘n

umn rather than the dummy; in order to identify and measure
the products. The column was temperatare programmed for

2 min at 70 °C, then 25 °C/min to 240 °C, with a helium flow -

rate of 20 ml/min. Under these conditions the residence time

in the reactor was about 10 s. Quantitative analysis was ob-.

tained by digital integration of the GC peak areas, using the
mass spectrometer total ion current monitor as the detector.
These results are collected in Table I Not shown in Table I

is sorne high molecular weight material formed in amounts too '

small for mass spectral ldentlficatlon
DiseuSSion' S

Several points should be made in regard to the results in

" Table L In the first place, the extent of agreement between -
the results of repeated determinations indicates that attention -
should be focussed on general trends rather than on numerical

results. Lack of precise agreement is expected if there is a

variable heterogeneous contribution to the pyrolysis mecha® -

nhism, and we have already demonstrated a variable hetero-

geneous effect on NOg consumption (reactor oxygenatmn-_ ]

experiments, vide supra).

The lack of reproducibility of product dlstnbutlon is more o
striking and significant when the results of previous investi- .
gations are considered. For example; in nitrobenzene pyrolysis.

at 700 °C, Patterson et al.® found the ratio of dibenzofuran to

aniline among the products to be 83:1; the same ratio observed - |
by Fields and Myerson? at 600 °C was 11:1 and in this work - -

: much lower tempera 1

- Also, the identification of hydroxy'phenyibenzene is probable‘_'. _
_-rather than certain, since it is not confirmed by compal‘lson-' St
- with literature or aithentic sample spectra. As'in the caseof -~ 0

trosobenzene pyrelyses
case of mtrobenzene

(8.4), aniline + phenol (3. 1), mtrobenzene 1(1 ) n
(trace), biphenyl (6.7), diberizofuran (1.7), and hydroxy-'
phenylbenzene (3.9). The numbers in parentheses give ‘the
percentage of the total integrated area of the chromatogram;

nitrobenzene pyrolysis, some high molecular weight material

. was formed, in amounts 1nsuff1cient for mass spectral Iden_-'_
txflcatmn ' S : _ RS

Conelusmn

Wer propose that the initial phase of mtrobenzene pyrolyszs T

- is'the formatlon of phenyl radlcal via the mtermediate for--
- -matmn of mtrosobenzene Coewoh

at 600 °C, 0.8:1. In both the other lahoratories the pyrolysis = : .
chamber was quartz or Vycor, whereas in our experimentsit & -
was stainless steel. Secondly, the relatively large amount of .~ :

It is mberestmg that the resilts from t
S in much better agreement when the d1ben

" Tatios are considered; since both the' '
o _gformed homogeneously. Patt )

~+ ' aniline formed at all temperatures in the present work also _ .
o indicates a significant heterogeneous contribution, sinice this.” S
o product could hardly be formed via a homogeneous mecha- :
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The major difference between this mechanism and that -

proposed by Fields and Meyerson® is that we do not postulate
as a primary step the direct fission of nitrobenzene to NO» and
phenyl radical, a step which, in our view, is not supported by
the evidence. Also, in our experiments phenol was not ob-
served as a product of nitrobenzene pyrolysis under any cir-
cumstances, whereas Fields and Meyerson reported phenol
as the most prominent product at 600 °C. This again supports
the conclusion that heterogeneous processes are of great im-
portanee in pyrolyses of aromatic nitro compounds. Formation
of phenolic products most prebably involves the prior pro-
duction of phenoxy radical, either by

NO, _0—N=0

o

O=~N=0 .0+ NO

féllox:veﬂby AT

O

Keinan and Mazur

" without specifying whether these are homo- or hetereogeneous

processes. :

" As we have stressed, surface reactions play a dominant role
in pyrolyses. It might therefore be asked, what is the evidence
for a homogeneous mechanism, The answer, considering both
present and previous results, is that even though many of the
reactions discussed above could proceed as uni- or bimolecular
gas phase reactions, there is no evidence that nitrobenzene
pyrolysis takes place fo any extent by a homogeneous mech-
anism.
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